UNCLASSIFIED

AD NUMBER

AD312827

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUN 1959.
Other requests shall be referred to Naval
Ordnance Lab., White Oak, MD.

AUTHORITY

31 Jun 1979, DoDd 5200.10; USNOL ltr, 29
Aug 1979

THIS PAGE IS UNCLASSIFIED




"‘"A-

. umdf.. S{Hm

) v

* . “Qo-vnu SIIRIWE ) . >@ s0 -. 4 ] ~aERRS |

L] [ [ ]

..' A ~."~.“~’" - NRRPREE v ’.u LRI SRR YRR R I )

‘e 0 B [ ', APIES L o , e
At K e (i A F e LN A b geang i,
.0 \ .5 (('.' e ‘?.\.-.:'. '.‘.l , o ' ‘_‘ : ‘T\‘ v s "v."'n '. ‘ ! .:.::.: .' lr.\ot'é‘u J‘. '?‘. \ﬁ’i’& N
"'.‘ ',‘o o M . K T l.‘” ’ : :h.‘.: . A T e .., " 1, i l- l u :' ., ‘s
Oio".'.o. ) ....'I ' . (Ao 1 . ‘ \ ’l"r,’ ’““
L] ."'.o ] ““ . !.‘ ';l ‘. " .‘. '. " .:‘“' ““ k'v’z,‘},l“"i’

I AP O LR SR A T H S -, '
b . . . .- ) "' . Y "n AN AL y st te . % 0. .. ' ~l l e L]
.‘..’»l..ni. ”Q"“ 3 - ¢ \::"';}‘,’ . -', , :" ‘..:!.".“; \{ #( .‘:"‘}. “.v v “,.k ﬁj' #OI f ’ .’.
. rd 'l , ' .~ ...". A ":':. 3, '. P e
'7 h\& § S son V‘A. ..'.“ B3 rvarir Y ’ 1:..“":’&‘ h’ 4‘9’\‘

ree me@r e . v o ® ¢ & e® ® a

T (7 U‘:"/

", J | 5
(‘:' ! ! ("\i\i / . |
T }= | / o /
UJ U (Gl [

— . »

L-.
¥ » om—ere
and Py A

= -.%:.i o E'
\u;.-/d

Rerroduced Ly

Nrmed Sarvices Tachainat tzformation gency

ARLINGTON AL ~"\“¥ : ".2’"!" ‘;“’ "’\)"'!(‘I\'M

MICRO.CARD
CONTROL ONLY

§
™o P o
> .. -"a‘.“a“i

. . . .“-".. ,,0‘- ‘vl *‘, S‘.O“.A' ‘!. "03000000
280 0 L% VO e A .'- ST TL S 2 .
apy ieiteees Y Ay : . .c“,,:,'.-. e .\' AR AOEITAL N "M‘".emo
“' l'“l‘. ’ or! ..o NI . .'/' s "0"‘..‘: IR ) 04 T -""{o“." ." u "‘
f o et nt . et $e v lewiter o 0 .'{;,'9. O 'o’"'.o'."(,' .-'!
. . U . K ;e ¢ . ’ H
) o' "/. Iy '0 z.h..':"o“"\.. qe ' b
‘e 2 0 e, ' - i TN by i
oA IN A PN W4 . '.A°.f o, (10
f l‘. .b » ':’ ‘e e '.o* 1] N @ o . w B} -
2 4l me e * ', ‘
V) : pt! ,.A' ' :.oo'...‘ ‘0"’«’” '
: L4 NP ..’0. Y . ;
bt "'-"wi"o’c'w;“" ..

4. ! .n“.' P . wry 8 e

‘. ’ to. ~' b . ‘ -

. o TR Ny
¢ N ]
.l . " N ) L4




"MOTICE: When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated

- furnished, or in any way supplied the said drawings, specifications

or other data is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corpora-

- tion, or conveying any rights or permission to manufacture, use or

sell any patented invention that may in any way be related thereto
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THE SLECTRLSTATIC SPARK SENSITIVITY (T
BULN. EXPL(SIVES R:D RCTAL/OXIDANT MiXTURES(U)

Frepared dy: . ; Sttt o
R. M. H, yatt \' R S
Approved by: O‘Mh“ L ARG -
Chie:, txplosion Dynarics Divisicn » o_. 0 0

AQSTRACT: In corder to have a tettur basis for comparing L. .o
explosive 2lectro-static sess.tivity measurerents made in the N i
United Kinadom (:xplosives Zas2prch & Develcoprent lstablishrent, . el e

%althay Atbey), and the Unlted States (taval ¢ rdnance labora-
tory, “hite +ak, MNarylona) a replica of the =Z,R.C.I, aziparatus
has bean duilt and used at 2L, Sutstantially lidentical
rosults on sixvilar explosives aerc obtained on the crizinal
2.R.D. 3. apparatus and on is ferlica. A nunter cf exzplosives
aezre tested for the first ti=e zn the 3,R.U.&. type of
acgaratus: ramely metal/oxizact mixtur«s containina zizcanium,
beron, or titanium, graphi-e ciated amronium rerchlorate,
a=moniva perchlorate/aju=inu=, <3 propellan:, 4N, and JATS,
Cthar runs asre made to comr3Te the relative sersitivities

cf primary and sccondarv excizsives and, where poseitie,
relate theses results to thsse ottained in the UK,

By the work performed it was found that there is no large
vartation in sensitivity of rorwal lead styphnate «ith particle
size; toe sersitivity of explcsives and resctive mixtures is
soreahat aff:icted by the polarity of the electrodes; che
sensitivity of metal-oxidan® =ixtures based cn zirconium, doron,
or titanium is about that of crirary explosi-es: and gxonium
prerchlorate mixtures are insensitive to electrastatic c¢liszharges.

® 4t wrlusives Resoerch arnd leveloprent istablishment,
«3ltham Atrey, =njland
‘his work was carriad cut atile Or. o730 2% in residerce
at .l as 9 visiting reseasch scientist,

sxplostions Secayrch Departirent
U, S, NAVAL (2ol h LARURATL Y
aplik {8, VSAYLALD
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Dr. R. M, H, Ayatt of the £.%.D.5., ¥altham ~bhey, United S
Kingdom, was assigned to the N L for a period of iwu years Lo e
as an exchange re-earch scientist, ahile at ¥ L he cursued, ... .7 .- . <"
along with other explosive sensitivity problemy, the electro- - -7 - ce-e 77 7
static sensitivity of explosives, wark he w~as crisinally . - a4 e e eaee
ascociated with in the U. &, 'he work «~as deone %0 develop ® ® ®
better methods for cbtaining ccmparable results betwcen NL s e . ’
¢ and U. h. tests and to study certain rew esclocive materials., . Do e ® |
The present report is 2 resume cf Dr. uUyatt's aork in the -. EE
eloctro-static sensitivity field during his tcur of cuty at P )
Wi, It should be of intcrest to scientists werxing the S ‘

field of explosive sensitivity and the rrccass cf 3ritiation, . - C-

This work was csrrisd out under Task No. S0T-5:%/53022/C1040, ... @ @ __ @
Cuided “issile Fute _xplosive Train Re~earch., T.ese studies . R :

L ¢ bear on .xnlosives ihesearch Fey rFroblem 7,7,7 — lavestijate
‘he basic mechanism of initiation of exnlcsives; d2veico new
and more reliaple tests for sensitivity = listed in Navirpd
fA=o00rt 3905,
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WME CLIZTASTATIC S9A3K SENSITIVITY LY
SULK ESTLLSINGS 0D LALACAIGRT N1ATURESS

ISR TTICR

“he criainal N Spark C:ncitivity “gquinment

1. The siark sersitivity tester at tal {described in
L2 6958, reference {3), and sutsegueatly nodifici) ermploys
2 varfadle vacuum capacicer 3¢ rense 0-5C0 micro-microfarads
(tm€d) and » D: poaer sudply of range 0-20 £V. The approach
1imit of the eilectrode 5zp is set at 0.03 inch, the potential
at 95,000 volts, and the zar3acisy varled tc :lter the en«r5y of
the sparh. For an actual :est the soring loaded upper needle
elactrede is drought racidly doan toward the fixed base
electzode (ujicn which *re exrlos.se is placed; by jiving It
a shara bleowa with the hand,

2. The author and his cclleagues at the ixplcsives
Pesearch and Develcnzent :sizblishment (Z.3.D.2.), :althea
Sticey, Injland, have carriad cul cxperiments on the eloctro-
s%2%ic snark sensitivity cf btuli explosives over 3 wide renge
cf canacity aid voltzg2 with an apparatus similar to, but net
id:ntical with, that ciscueced atove, The cvrinciple ¢ifference
cetazen the .0 equivrents is that the ore in the U, V., is
such tn:t the uprer 2lecc*rod- can be made to ™ake contact,
t{ necassary, with the tate elecirode, ‘crcoover, tha Soce
electrcde can te cither ste2)l cr ¢ nun-metal, ths latter
sisulazing ncre closely 2n accidenzal static Jdischarge
trvelvin: an cperatcr.

-

®* In this repcrt the 2lectrcces will be cesignated Ly the
€ombinaticn of matesiale used with the Lo.zer elocirede
always Jiven first. 7Fcr evanple, steel/rubuer signifies
that :he upoepr elacircd2 vas etesl and the dase erlectrede
rudter, Stoel/steel wiuld siznify a steel urper electride
ord 8 steel base 2lectradr,
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3. "te Jollowling conclusions can be drawma from the work o N
:?)th: U, A, oescribed ton references (b), (¢), (d), le), and . L s
{a) Ueing metai/Tetal alactrodes there are two P : ‘e ° :

b ¢ geione of initiona of lead and <ilver 3rideg o
3 1w enegay req:cn involvinu chert arc )
Qischzcas Ind a t: oh onar;g c<q:on involving H . AR -

Ja<vous_discharare, S e 0

. . - .. -
(b) For lead sty-hnate and LR there i rot a T ] .
sharp distincticn betwe n tte tac _reaions s : T oot
monticned in ]--[ arcve, lhis is evidenced . L4 ® ® «

1 e Ly the fact that there is little ciscentinuity
in the curve of percentage ignition with enercy.
{These 2wo explcsives are considerably more
sensitive to qaseous discharces than the two
azldas.j

€} Llnad azide (i.a. cf OF7 parcont or mor> prurityl
16 rCTe sensitive than lead styrhnate to
b o < elec rical discharies hetzeocn metal/metal
elnctrodecs it dcth regions of iznit.on are
saxen _into acccuat, his 1s Jof2%ite to what
1s esperienced in practice «hen manufascturing
the two explosives and filling them into ¢eto-
natcrs, primers, ote. rany accidents aith lead
styrhnate have btean caused throuth Igaition by
stray electrical d¢ischaraes; whereas lesd 3ride
¢ accicants nave usually bzen csused by sone
mechsnical agoncy sucn as 3 frictional tlow and,
to the suther's cnewledge, ncne have becn
aterithuted ta elec-rical dischara~s, Thigs
sujests thst the rethad of test using cundenser
disclhar;es hotaren metal/nmotal clectreces in 3
circuit of low resistance does aet rengaduce
tha tyce of discharue taklnjy plaze in zr.acclize.
¢ Lischot;es frem the cperacor {“he usual sousce
cs ﬂnvr,/) will 298t lis=ly %ake nlace fron 2
tinjer, i.2. I 3 c.reuit ccn:o=nlng at lcast
cne nan-ro-allic elagtrode, end 3 resistance of
sbout WI, 0 (Peg d»*-ndlnq mainly cn the cen-
di*ion of the skin, Theca tao requiremenis .re
ecnodlza in tae present arthod of tastingy. o
rutber bHece clcirod: cornsiste of steel cuverded
by 3 plece of cinducting rubzsr fixed o it by
corducting adtesive, This sim;-le alteration
changes one of the 2lectrodes to 3 ron-metallice

® laad 2:4 dinitroresorciiate

CONFIDENTIAL
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che and autcmatically Intreduces 3 resictang
! :'~r\“~ toly 100,0™ chems fer 0 eaint ccas
2acte  Men taste are carricd oul with thie
arrarteent, the liw crergy resizn of ienition
o Yead a2ide is eliminatead, 1.2, 1232 «f,chnte e e
18 =ca ~or2 sensltive thaon lead az:d¢ <8 ¢ found i : Y ']
in cpactiaa, C S 1
I . ; L
{d)  ls= satal’sadal ﬂ.ec:rw‘.‘s ard save adla e
T3iiec ~r3 ta <lﬂ -~ Yi\itirn S2 eIy 17 DY . o
intaTercang O Cau (N vey :u:'a YN IS Tane, !
Tem ted 8% '\rau. 7T exanp 152 minieum Lol "‘"“"".’
ianiticon enery rerains ccnsun‘ :':r the rengye . ..o < 4
100 10 32,000 rmfd,  Golng belew 103 amrd, this Lo n L » ¢
¢ enesayv Jecraases with decrersina caracity un:il LA
i gasazity <ot Y enfd {s reached, Turther oL e e e e
: {n caracity causes an ircreace in the R A PR
nttion energy, Above i,LX0 ranfd, the T e v
reases, reference (e). st

(@) ™3> =asa?’subbap aloctrodng ara vead, sha
| SAT.TLT loTiiich eneray js ro il tor jnoos andent

R K ANT VELies Cver the w-cla s .~cal
TeAT3 ce 2.: A minapTuT CATACLITY 1.T ioaitice,
$i.oN e=317n L it iz asldl pul toes 2lase, no
Sitear ac3t 11Nt ial L6 placsa ¢t i,
L@ Tri.starge of \"e :uooer taiezs the scark )
cieghariy o ke |, Tit 11%0 several naris deponde - )
irny or e 23nalil y and inltial veivaje. R ! P
JemattLdniiv ‘he 1ndxv dual d.setar228 -3y o2 Je el I »
{ 3y *2 sufficient wneryy in t15en <o e e, ’-i
{ eSfez2 ‘**“'«n. This becomes ~:t2 iccsrtant el T e
; the «=yllar 1m2 Cacaci'y, Ind as a rosult 3 ST e
C173 .t gamacity acerjes, .a. £ Tiiter what oo el e
Fot.miial o nlaced on that ca-\ac“\. the . . e _° ~a
$~21vico3 cotchargae will waus i-3 08 icient . ) :
esrzg *r Lit@ the 2rlosive, 2ainzarce o). . N ® ¢
Wit L2 4y00dte RN Tinimus caraziey
Voo 3315, aith lead aride of Ri:s ;Ltity i
1 ten 2l cLmopnd i, and for seacginated
o032 92ie Lt e rore than 1,000 st
4, “he esti=aiicn ¢ sto:!c Razasd racuir+s 4 ¢ ear .
long serice of crets sirie the variation of is,ca lgattion < P
encrgy hn td e .:e’.e:‘ircd cver 3 wide ranze <f larecitiae, % »
T™he results are Lest s%can arathically. Howeves, va the tasis o
of presert nnc-.o-;o cf s!°1vlt/ cver the rac;s of catecily “
up to 3,00 refd, it Le o ss‘b;o to orive 3 fa.. a;tirete of
hazerd mcrf!y Sy cete

i~y the ninlrum enersy ot say %20 ratd,

3 e
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refer:ness (@) ard (e). (This anplies anly to single compounds
tn a falrly jure state and not tu nixtures.)

9. The fcllzaing 12 2 list of primary exnlosives in
dacreasing crisr zf sencitivity, references (a) and (e):

termal lead siuvsh-ate, tetracene, lead 2.4 DLiLR., lead v
azida of 97 rercent curity, silver azide, mercury fulminate, . .. @ e . ®
q and dextrinata? load acxide,

Vaz'smee cf * .2 s~d 2.8,0,%, Fesuits

6. These a3y not ccmplete (sreerent between the resules TN v
obtained at X I ard I.R.D.3. for thne sencitivilies of basic . . - ‘
lead styphnrnece 1~2 notmal lead styphnate, For example, .. 9 ., 0 o
reference (:) s-ceed that U, S, basic lead cryphnale was o B . ®
| arparently .ose sangitive than rar=al leud stvphngte und the LT ’
Tritish forrs :f tasic lead stychnate designated ol 13145 and e
S5 134%, Thue r2eult seemed unificely on the bacls of U, K, Sole Ul e T

exrarisnce, res ronce (e}, Eetssorce th) gave the mavirum T e e e T, .
erargy fir nersicaiticn cf subsieve and iilled ncrmad levo ' :

s:yrhnata ae 13,0%) and 70 eras, respoetively, Sulh larye
differeonces Ra.e not been enceuntered in the U, Kk, during
the course cf riutine %testing of 2 variety of sarples of
~2r=al lead syctinate and the fiiures foi maximun ereryy for
ncn=fanttic. *3vs alaays been in the rogicn of the srmaller
fisurn, referes.e {¢). Heference (3) indlcated an ener:y of
<ot nrys for <te millad raterial (two ignitions were
Whained in 10 trlals with @ €3732ity of 40 me 'd charaed to
¢l0 V"l'.’)o

*Wn ai moas

«
e ‘e Invagtiracircg » ;
7, 'n cr2:z e irvostizate thaze aprarant anoralles it ]
ase dugidod t~ - et t-e cvmlogiveg under onaTable s:ts of A
cindtiicre, ile; 8 need had duevelcovad for inforration in %
certaln c*hor 10228, The folloaing le a 1igt of *he additional .
exzlutives anizn arze studiad, They aere oither ew %0 the -
. 14 -
AutrOr or thew 52 A2 Lewn dested oy the retal,‘tuiver method: »
L ® ! 4
. - OT ‘
Tetal 1eizant cowprsiticns basea on 2ircenium,
tieznt o, Tiren, of aluminum -
Le Gu TetTcane
ML TPieaesiun Vexanitrcdiphenylumine) :

-7 Liaw:iscctrinitrobencene)

“te ligt twe avsicelvesinecossitated, for cocapariecn putnoses,
1lale on =LA, T1T%, and telryl.
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H, 1In order to obtain co~paradle conditions, it wes
decided to bduild & replica of the Y, A, AWTDITAS Tather Yhan
eodify the existing NCL apparatus, The chuice was made for
the following acasone:

{a) An ldentical facility would be available at
the two laboratories for curparison purposes.

{b) The NUL opparatus was 1ged to test loaded
components besices locse explosive and was
best left untouched.

“he ccnstruction details of the ML versicn of the E.R.D.E.
aiparatus are given in paragrarhs 9 through 19 below,

NUL YERGION CF THE Z.R.D.5. APPARATUS
sinct rode Assembly

9. A copy of the electrode asse~dly as descrited in
reference (3) was mide from linen phenolic sheet 1/¢-i{nch
thick, Figure 1, The movable arm was insulated from the
zemainder of the assembly by a Toflon slieve, Fijure 1,
roint A, The top nalf of the arraratus was insulated fr.m
‘he base by two ctheets of polystyrene, Figure 1. point R,

10, Roye, txtra loud phenocraph needles were used for
*he upper needle electrode, Plusbebcd elecircdes wors ~ade
18 described in reference (2}, The base =lectrodes were
solid cylinders $f hurdencd steel ) d<inch Jisz~cter, J4/4-
in.h mign (i.e, s1~ilar to J/4-inch rollers in & reiler
haaring), Didcs of cenducting pucker 31/2<f.ich dis=eter,
1:/32+4nch 4L % were cut f2o= tha socck held ot =, R I.1,,
A ithen sthey since there was no r.bter available at ML
10 0 reanired range of resistancs, These were fined to
‘he sterd hacs 2lectrodes 0y roarg of o tonduceing adhesive
=322 T2im grohite punder Picsd with Sne sinimum of Goodyear
Jaichund, Tt~ rosultant resistance with a fpoint contact was
suvcanat lower than 160,000 ok=s, but as the resistance
inircases with uca they were acrcepsable,

rndensers

11, Plasticon Glassmibe cordensers roted at 10 rv ©¢
»ith capazitiey as {ndiceted §in Table | meve used, Thece
aere fixed at pouint C, Figure 1, when Tegrived,

'
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Table ) )
tist of }C AVDC Capacilors

Nexninal
Capagit o Actual Canaclity
—

00 enfd 3 410, 5™, %C0 mmfd
1,0 * 2 1,010, 1,C30 "
AT o 1 1,8%0 -
5,080 * 1 4,050 .

(.03 mfd 2 0.03%%, 0.0295 mfd
2.1 *° 2 0.093%, 0.0%57

For 249 m=fd, the 470-and 500-mmfd cordansers were connectad
ir saries. FSor 157 £=f3, the 47C; 3723 and TOlermmid cone
de=ears ware connected in series. {This ccrbination was used
snly on tao cccasions.) lor 0.2 mfd, the ‘wo 0.1-mfd
ca=isitors were connecled in pirallel. (ne larger canacitor,
raced at 2 3V was also used. This hac a nominsl capacity
cf 0.2% rfd (acrual 0,297 mfd).

12. For capacities telow 100 mmidt, lengths of coaxial
cable {Type 778) were rounted oa @ wesdea strip, the central
eire sor-inal being suitably insula*=d from the tcard, with
the eao3th srounded, see Ficure 2, Fer a3 capacity of 30
seid nrse laraths of 10-1/2 inches zach aci» connected in
parellsl, For capacities of 2% arfd, 18 ~n:t and 5 mntd,
sinzie len3ihs of 10, 4, and 2 inches, rrececti.cly were
ueas, “hae2 coaxial cable capacitors caull rot be charged

TTwe

eluve 4 AV,

13. It aas realized that (he electrcse assetbly ond
leess prebably had 3 canacity of ceversl ==id, When
cavicitics of 29 rmfd or more wore otiished 19 the apparatus
tte corerituticn from the astordly ind leals cvald be ianored.
Tor sa~acities of 10 and & rmfd, tne 2z7itignal canacity
-3vaes 3 cursi.fegabls contricvution ic ine toial capaclly.
Yiasuap, N3 A11STPL WS Made tS melsuz: trt 2ipacity cf the
elszercds asse=cly and leads, since the':v - oll plcture and

anzlusians would not Lo altered,

PRITY

w1 a.elsa1s Unjt

td, Lis wes @ conventional unit cadatle of giving
cotarstale Lo %0 10 AV D2 with either ¢:-dinatien, 1. o,
cceisive Wik potential with nejative Jr.und; or ncqative
£izs rotential with resitive ground. & Seneitive nes2arch
Iasezurene -ozporaticn voltseter, rantes T30 WV, 0-7.5 ¢V
ard 0-1% AV, eas used to determine the voliage cutuut,

6
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Technique faor Checkiag Leow-Voltage Discharqes,

139. For pctentials of less than 350 volts the discharge
could occur without visual indication. It was therefore
ne:vssary to check whether or not 3 discharge actually took -
place when the upper electrode wes Lrought down to the base @
elogtrode, This was accemplishied by sharing any residual
charge on that capacitor aith another of suitable size so
that the potential on the two of them could be measured on
8 120-volt elecctrostatic voltmeter made Ly the Sensitive
Research Instrument Corporation. ({(lhis lnstrument could

not be used very satisfactorily with the capacitors of .-

9, 10, and 25 mmfd when charged to petentials under 500 0
volts, I%ts own tapacity aas much laiger than 25 mmfd, end

thus the roteniial was reduced to tco luw 3 {lqure for the

fnstrument to register. It would hive been preferable in

these cases 20 use a3 L' ndemenn electrometer 95 this has 3 ouch
smaller internal capacity.)

Firing Chambey _and_Samplo ['reparation cChanber,

16, The firing chamber and ssople preparation chamber,
Flgure 3, wern constructed frem thee’s of 1/4-inch Plexiglas
and aluminum anqle strips, The tor, fiont, ind sides were
ccvered with sheets of 1/3einch “omalite, 8 transparent
rlastic of recduced elecirical resistance. Chenevor this
theeting i3 rubbed, the vollage bullt up on it is much less

than would be built un on iexiglas and thus the chance
of inducing 2ancercus charaers on the onerator due to
Inadzertent gubbing of tha chumber was much raduced,

17, Sample preparaticn was carried cut in the right-
hand compariment, A gsrounded metal sheot was pluced on the
flcor to 3round the operator while he wat handling the
explosive,

13, The elecircce acserbly was placed in the lefie-
hand ccmpartment snd the cyeraior siced cr sat on a stool,
fnsulated from the floor Ly 3 rutber sheet, /\ microswi‘ch
nas flited to the deor of the firing chanher so that the
Lo jewer supply was switched off whenever it was necessary
to adjust anything inslde the choambep, e.9. chanying the
needle or o ¢lran up after 3 set of trials. All movements
of the avplosive samples vere carried out frem the ou*side,
using the srecjal hardling t00l, Figure 4, .ne latter wes
griunded whenesver it was in uce since the adaes of the
anerture througn which it aas placed were rervanently
9.-oundrd,

7
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19, The cha=har was connccted to an existina exhousts
fan ~ystem by %2einch ducting,

s, The lateratory space in which the teste sire
carried cut ¢coasld Ye dehumidified and expueriment. aerd not
usually casri=2 cut in un atmosphere of are 2ter then 4%
~opeent relative henidity,

LETCYL (F TIITLIS

b -
amnles wore preparce oy clacing about S te !5
v

~3. ¢f oxplosive {dopending en tacir oulk deneity) on the
eta0l or rurter base clectrodes, Sicure 4, A filiing plate
tazhnteuse, sueh as dascrited in rafarence (c), is a percise
e e of ob*airins a uniform charzai however, A apatula m2thoo ®
218 Used in these eaperinents oecause most of the poenders e
tieted had soor flow rronerties, Aasing the plate method
unt-asible,

22. A e ntonser of aprrocriat:e capocity for the explosive
Ledar test was fix.d 0 the slectrcde assembly as shown in
Simre 1. Th: cutpul of the Ri:h voliaue unit woe cet to the

() ~ petential to whien the condenser was to be charged, Y ® e
21, 4 sarcle was paesod thrcuch the aparture Dbdetween
tho firia; charier and the sampcle precaratioen charber and
~laced on the platfoem of the el:circde sssembly. “he
C.nipnsar «ss 4nia charjed by retating the handle, See
Struzes 1 oand 5, s¢ that the eolid brass ccnlacy directl,
a%ove the phonuizarh nerdle touched the snurce of hizh
® ~cr.nmtial, v e voltmetor pozatned 1ts crijzlnal roading, ) e
<the 2avasitor aed Z_oon charced 1o the Sn.son gectential,
v gztating 1he Rancle in *the oryosite direction, the
€i42384 careciter was then fsolated frem the charsing
2. nd en furchier rotaticon the upper electirede &as
L 2x L:m teaasde the bace olactreds upon cnich the
13y, ofi the two <lectrce?s aers sufilciently
a Lechearae ek place,

I8, Yeua'l; tiree triale aere carried out ca 23ch
g.ole A% oarl-eivz .r the Lase eloctrede. A tr.shosertien
of mweloelve st expesed Lo the 2ischacie by roving the
dloetrode bzet o the platfor=, ftor the serias of one,
s.a, Ir thges trizls, depending u-oin vhether cr nct the
% bosive fiper, the vase dlecizcce «as moved to ) flat

P TeCn %9 ne pi.tt =f th: elictz.ie anecitbly. Tloare 3. A
Sresn =Yy aae or-gsht throusn the aperture frem she
srrazation sl Jlan the currlet: teot of irials (acrmally
3) at cne enerey cendlilua hid been carried oui, the

s
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unconsumed ~xplosive was disposed of by standard procedures,
and the base elcctrodes woere cleaned «ith emery papes, if
MeC *$33TY.

Test [1an and Criteris

2%, lormally the sensitivity measurcmonts were made
uslng the “Frankford Run-down® type of tust plan, Fifty
tria;s wer: carried out at cach itest level., ach successive
level was chosen in an effort to find a leves at which
there ~ould not be i{nitiations. It was observed that in
rost cases the distribution was nun-ncimal, For instance,
thoere are capacitor si2es, In the casce of steel/rubber
electirodes, whore a certain perceat of the trials lead to
initiotions but wher» voltage levels cannot be found at
vhich 102 poreent initiations can ke observed , o . 3 sort
of inhercvnl Jud rate, Since this vhola nrogram has been
oriented teward duveloping iaformation relevant to handling
roblers, it §{s desirable to cet an ostimate of the thresh-
hold cf sonsitlivity, “her:fore, coxerpt o¢ nated, the
reaort od _censt-tvity lovel s the aighest level at which
rc exolos,one sere cngorvad in fiftly irials,

26  The dogree of ceonsumntlon of locse oxnlosive
varioed from the emission of a small amcun® of smok? to a
cemnlets burning or detenation, Ther type of {anitivn waa
noted in 21l ceess and 1* is usual 10 dase the sensi-
sivity cn the svidonce of *he mildest ionition for safely
surreses, since with a larger mass ¢f ma‘orial than Is used
in the t.st, 3 detonaiicn cr wass explcsion may ensue,

Trleulation of Cneg 3y

21, 1 *hic rrpert, onngs 1 yuGtad 3t slored

: ine ag

aneryy {€alcula® .d from 1/2 S/7) whother or the stael/gesel
cr the stool/rebosr elac rodes,  This {5 aprrerimacaly the
erapny avallacle i tha disalazde o 'he fizst case, (:h:
s6ficioncy of tranefnr ¢ =nezay dorording xiinly unen he
quallty of 'hy eendenser), In wns securd crse, hewever,
Lit: orerIy7 available in vthe siark nay s aoprosimataly

10 perceny of 1/2 N&, 1na renainger B3ina diesip,ed in
the tuoder, reforance (b)),
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[ 15" 3 N ; . )
Covparison of Results from the ..OL-Puilt Apparatus with .- e j'-';::':';
ihcse Found_in the U, A,

29. 1ldesally, covparison tests should have been . L
carried cu® with the sare samples of explosive as were used e et e
in the U. K. This was ot possible, 10 explosives were’ : : ’
chosen which were lixely to behave similarly to two t{plcal
British primary explcsives, These were U. S. ncrmal lead
Styphnate (used as received) to be compared with British

- - bt
I S N e casntmm

norwel 1ead styphnate RD 1303, ard U. S. polyvinyl alzohel *—'_- - e --.'.
lead azide [us2ad as received) to be compared with British L
Service lead azide, . e

29. The sensitivities of there ¢wo U, S. explosives
were determined with the steel/rubber electrodes (rubber,
pesitive ground; steel necdle, ne33tive high votential).
Figure % ccmpazss the resuits ohtained in the U, K.
references (d) and {e} for norcal lead styphnate RD 1303
and service ledd azide with those cbiained for U, S. normal
lead styphnate and FVA lead azide on the new apparstus. In
both 23scs the resul:s sompar: vary favoravly, although for
lead seyphnate these is 3 Jifference for capacities below
%8 mrid. However, this is not felt to be 2 significant
differaonce.

33, Tasts aich steal/stas) 2laceredae ctcand liat
the ainisum ensryy for ', S, load styphas e ass 12% erss,
which agreers woth *%e valuse zusted in referencaes (b) and
{e}. 7'~ 1oad azics . 2a nct ayz~ined unjar *huse condi‘inons,
11, Thus, sutetacilally idantical rasulls aore cbilained
on the a0 pis2ces oI al.aTatus,

f8acs =6 tolagity cf s Cradicetna Tutber/Itas]l Clescpciawe

‘ee  revicus swcapimante hag shian that with et.wleiagl
elscircdas a° low enarzias, “hagra wat vory little d4if€.pencs
ahoethap the nredle 201290030 238 cositive oF nona‘ive al*h
respecs cc the Dase - laztrcde, rofara 2 (¢} Thera sas @
possitilicy, hcaevar, 2rac ihis azuld nct ce the case hen
the doe0 luctzade a=3 scvered «ith conduec-ing tubbee,
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33, flgure 6 shows hew the spark sersitivities of nurmsl
1ead styphnate and PVA lead azide changed when the polarity
of the steel needle was changed from nejative to positive,
Yith lead styphnate the fynition ensrgy values were halved
throughout the ranqe of capacity 25 mmfd, to 5,000 mmfd., How-
cver, this was not a large effect, and both sets of results
fall within the arca normally associated with the sensitivity
of lead styphnate, refercnze (e). For milled normal lead
styphaate, the difference was sraller, see next section,

34, For FVA lead aride the results with needle pcsttive
were again lewer than those with *he ncedle negative, and,
sinze this corpound has an appreciably higher minimua capacity
for {ynicion than dces lead styrhna’e, there was the additional
effect of luwering this variable, {.e, frcm a3 value of about
400 emfd, to one of abcut 200 matd.

39, It is possible that 3 capacity effoct exists with
lead styphnate, but, since the minimum capacities in this case
are s irall, any differenze is not likely to be significent,

36, These tests shecw that there anpears to be a small,
but signifizane, effoct aith cxclosives such a8 lead o2ide
since the «inirmum capszity for ignition is lowered. The
effect with lead styphnate is nc® sianificant,

37, The reascn for the differcnce with lead azide is
not clear at present. 1t may be :onnected uith the non-
vnifor~ distribution of enctgy in the gap, reference {(c).

It weculd te cdegirable to standardize the polarity, but tifs
may have %0 await further work on the mechanism of ignition,

Sffact of Particle Sfss on Sensitivity

33. Figure 7 shows tne sensitivities of normal lead
stychnate, unnilled 24 received, and milled, using steel/steel
electrodes, with capacities of 24% xmfd and 500 mmfd. The
mintrum ignition enerqgy (125 ergi) was the same for both
particle sizes, but the percentaae of ignitions rose move
sharply in the case of the milled raterial as the cnerqgy was
increased. Below 200 mmfd the minimum ignition energy for
the milled styphnate dropped to 90 ergs at 30 mmfd, and €
ergs at 25 mnfd, The MOL figure of <62 ergs for %0 mmfd filts
fairly well, reference (g)., The large value, 13,250 ergs,
given for umilled ncrmal lead styphnate in reference (h) is
difficult to understasnd,

1
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39, Figure 8 shrws the sensitivities of the unrilied ana
milled lead sivohnate using steel/rubber elecirodes, the
stcel needle teing at pcsitive or negative hignh pctéincial,
The curves for 2ne unmilled styohnate are the 33:-2 as thase
given previously in Figure 6. Ffor capaciiies crealer than - .
200 emfd, these was little difference between -he sensitivities ., @ e .
of the milled raterial (needle pusitive or necative) and the L. L.
untilled rater:al (needle positive). BRelow this cepacity the AR e

diiference beca~e larger, and for capacities less than 80 O I

*»fd, the ener2zy required to ljnite the ummilled styrhnate B
increascd; whezeas, in the case of the milled caterial, §2 . S SO
was still decreasing. RN S

40, Llead azide with steel/steel elecirodes Gave decreas- ,. @ . @ & _
ing winimum energies 3s the particle size was reduced, ¢.9. . .t .
British Service lead azide gives 20 ergs, colloicdal lead azide

about 2 ergs, ana for an atide interrecdiate in size, atcut 3 TR Ay
to 10 erqgs, sefererce (2). However, this is felt to be parely - 0 . ool e
& geometrical factor, since the smaller crystals will be nearer P
to the short arz gischargs than the larger crystals. The ;o T, e et
noedle pushes the larger crystals further away frcm the spot

at which the discharge takes place, .
gensitivity of Tasic tead Jtyphajite

41, Using steel/steel electrodes {ithe ucrer cne b2irg @
needle} and a cavacity of 2GC <+~fd, pertial ignlricns of basic
l1ead styphnate aere cttained abcve 2,000 ergs. Pelcw this
fizure only smail arounts of the styphrats wnere iGnited, as
indicated by tia:k burn mirrs cn the roil--s, There was no
visitle resuit far energlv; telow 600 «rcs. H-vev::, when o
plumb-bch eli-trcde was sutstituted tor the neccle electrode, s
partial ignitisne were odtaine? down to 30O erzs. A: tMhis point -
{t became diffiz:it to cischarge (he condenser o!%h this shape
of electrode. Ey chenging the cagacity to 8C =id, so trat
larger voltages cculd te empioyed, partial (3nitions were
obtained down %0 13% ergs, when it 2gain peca~e i1 pcssinle to
discherge the condenser,

42, PRefezence {9) showed that complete ignizicns were
obtained by chazzing a3 0 mufd _(~eci’y to vol-azes akcve
4,000 volts (l.e. ascove 3,000 erys). Aith the farticular
electrode avraryerent, it would nct be easy %o decezt uartial
fqnitions, t.e. if little srcke or light wis evicted. |t
was observed tha: in attempting %3 destroy thcse sa~ples of
basic lead styzansie which hed not ignited, encerzies far in
excess of that fur the predicted 1CO percent i3nltion point
were needed. This is likely {f scme of the stysnnete had
ignited In the trial, lers/tag a3 desensitized r2sicue due to
contanination ui'n lead or carton 4eryupositicn products, A
further differenze in the resuils is ac.ounted for by the
substitution of a plurbebol electrace for a needle electrode.

12
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43, .lth the stenl/ructer elacircdes (upoer clectrode
being rlumbeb.b), It was more wsual to obtain comnlete
i i:ions rather than partial ones. Though only a fcw trials
sere carries oul, neasly all rasulted in ignition a voltages
« lch asre ¢izadble of qgivino 2 discharge, Thus, 2 linit bascd
21 thrse sxperimonts can be civen, which, In the casc of steel/
rubber «1scirod=s, is cu~siderably mcre than the minimum
{:nision ensr3y. Figure 9 shows the upper values for capacities
ot 22, 3, and 243 mmfd,

44, Pefcre clscussing thess results, it will be necessary
t93 co.r; are rosulis for the two fcrms of beta basic lead styph-
rate, 23 1330 and RI 1349, as cbtained previously dy 1L,
reference (3), and by the autkcr in the U. K., reference (o).
~eferarce (o) indicated a value c£€462 ergs for FD 1346,
and agcoroximately 1C0 ergs fer 75 1349 (obtained by extrapo-
la:icns for e ~ivlaum energy using & capacity of S0 smfd,
Thagse tuo figures aaree fuirly aell with thise ottained in
<he U, N\., roference (d) Most RD 1336 sarples gave values in
tte £22i0n of 75 ergs. The eazly samples of FO 1349 tested
in *he U, K. kad » sensitivity less than normal lead styphnate
as ludjed Ly results using ;teel/ste2] electrodes. Minioum
ecezcies of S00 *o N0 avae vary chosined WIth e e jority
cf the ignizions be!ng partial ocres. The indicated decreased
sonsitivity of 3D 1349 as cczgazed to other forms of lead
$27oh%3ate »as based on these results., However, 3s the method
of creparation was loprov:d so tha: RD 1349 cculd be made cn
8 larger scale, the semjles terd:d %0 De more sensitive, with
crergies of 1% to 200 ergs. Y20 3 T2zresentative sample of
3 larce-scale prepazation was teetad, using the sliee)l/rubbes
elecirczes, sinilar resulte trt:.ce for normel leasa styphnale
asrs oOd:3ined, including a pranc~cdarrance of comnlete fgnitions,
tn fact there was little differerce between normal lead styphe
nates 9D 1302 sand 1303, and beta basic lead styphnates RD 1346
ana 1349, ceference (e). The yellow form of alpha basic leed
otyshate was more sensitive,

43, Since the figures given for the. ignition limit for
. $. Standerd basic lead styphnate (the alpha polymorph,
seference (i))usirg steel/rubder electrodes are likely to be
at least 3 to 4 times too large, it can be concluded, teking
#11 the results into considera‘ion, that its sensitivity is
abuut the sace as normal alpha iead styphnate and the twe
dets hrric lepd styphnetes,

13
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Sensitivity cf D{KD _and Tetracene - e T

46. The resulty for ~illsd DONP caing steel/rubcer AR A
¢lectrodes are shcwn in Filgure 10 alc~g with ccrparative U. Xo R P
values fcr ceatrineteo lead a7 .de, tilver azide, lead 2:¢ - -
dinftrcrescozingte ard %etracine. The wUA? sarple was :zither . @ e ®
< old, an3 s there is scve d~ubt as ¢ 113 purity. Kioaever, ; .. o [ ] ]
all ii'i’.ﬁzm were coaslete. Tests wme-e not carried out on o e . -,
dteelssteel electrodes. D .

47, Cnly 3 few trials were carriad zu? cn tetracene, oL . T
but the =ini=~_= ignition enerc es for capazities of S0J and .. e
19%0 v €3 aze steater 2121 10 (O er3s. ~he figures cdiained co T T T e
for Britisn ce'racene "2.C.1.  at S.R.J.Z. were 60 erss at . 0. o _ 9o
¢ 12C =afo, 2.350 at %00 ==¢d, d 3,000 erss st 1,050 erid, ) ® ]
refererze (£3. This is fcrm , which is usually ctiained from L e
comrersial ssirces, Form B, whi:zh has teen found to be ) W .
present iv sore ccmrerzisl samplas, jives sivilar figures CotL et
encept at e s~alles cavecity end. Ihe ccrrespondiny values .
are 4,202, 2,%C0, and <,C00 erge refecenze (e).

S .

o < 23, 1a:tice plare spacinas frcx an x-ray powder photo-
grach cf e U'. S, teiracene ware ccrpar2d mith theee
obtained frc~ for=s A and B. They su3j;ested thst tha U, S,
tetracene u3s form A, bu: the evidence eas Lty no reans cone
vivsive,

46, The savole cf U, S. tetrascene sas several years cld
! ad 31ls Pas azccunt for the decreasen sersitivity as scepared
P wiill the J.ALC.E. sample,

s

] Capgiciviey =% atyl “vinant Vixtures

0. e sensitivitiag of sev. “a! =e¢%aloxidant ~leures
' Based cn cirtingem and Noren Rave fe2n. invastigated. celer-
H ence 13; incliatad that ohe mix for 3 criver uses i the
) wx 10 v:a T lelay Ilamant (based on rivIinius) wae sens.tivel
Zafezeze 2" $22%¢9% 220t @ layer «f iz iur metadl grezes
can te ;=11 wieh eror:ies of less than (T ercs.

3i. “te emousitocn of the varieus :ircenive =ixtures
tested fo3 $73T¢ gensitivity (n *hiq sesies of 123°s IS jlven
in Tatle . Ia adaiticn %0 this, 2 Sirzn cinture {3 Si-acinny
Arzeny, s:lay co~gcsiticn) of bLorcn/arii~ chrc~ate {iT/¥5)
e way .85 I%eIved, Tatlie 3 jives their v _sirye ignitiin eficigies
using s2eel-s32¢l elezcrcdes. Flcure .l snoes the stsel/ructer
resul®s (“~eer p positive),

le
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a3, Clrconium rmetal rrardsr, e mlx for the pricer used
in the "¢ 1C Yod J Trlay llems~t {%areinaiter called "l-+ad
Slonide mix™), 2irceniiz zick miviures ancen as AlA {(Univareal
Jateh and .. versions) avs tt2 most sensitive and shoulld 32
asnaled sinilzzly to lead styrimate, 1. o, oith full .
entittatic presautione, Ine grzichioretric micture FUT and
the borsr,Taziunm chrc~as® ¢o=risition were tcr:shat less
asneiziva: *hay approachsr 2%e 9+1sitivity of iVA lead azice
tus th3y ot capadble of oeinj $:nited by e=aller capaclities.
e sanetiivity of 1% “Toy aeicdl Center 22-20 mixture,
aniCh Cuataing titanium =iy less than thet of PVA load g3ide,

By, It ie 6f 1niar-sT t: Lok more closely inte the
sangizivicisg of miytus.¢ c~niaining cizecnium. AS noted
above the e2oal/steel and et.il-sunper retuats thow thal
wha (p3'r of decseasing eceizivicy nas as followe:
Tlzeerlen, W1, P33, Lo%1: i 20 in th» czéir cf docreating

cizeanive ¢Inteni,

Scerositica of Tlrzeinium Xixtur-s
S8z

22318 3, L2izht
Telra-
Cne “a
.- ac.e
3.0
Te
-t :d".
sa
S
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Tadle 3

Minimum Cnersies for Hdetal Powders and
Metal/Cxidant Mixtures, Using Steel/Steel tlectrodes

Pinisue
Composition ?2:‘2!

AlA (Universal Hatch Corp.) ~12

AlA (L) 23

F338 100

42-50 4,500

Lead Cioxide Mix 47
2irconiun (Aeriasl Products

Corp.) for six above 15

a/aacrch $9%0

Titsnfum, s used in B2-30 j~- 50,020

This suggests that the first step in the ijnition process is
the ignition of zirconium metal in the oxygen of the alr.

IRis is followed by reaction with ferric oxide which needs

a larger onotql of ifnitietion, In the case of thc B2-30 mixn-
ture, where a large proportion of the zirconium is replaced by
the less seniitive titanium, 3 much larger energy was required.
Titanium posdsr of the size distribution for the B2-350 wix-

ture 3sve the followinj energies for ignition: stcal/steel,
approzimately ©0,C00 eras: steel/rubber for a capacity of
n.9355 mfd, agcrroxizately G(D,0C0 ergs. In the case of the
lead dioxide mix which hod about the sake sensitlivaiy 39
zirconiun itself, the sezond stage rescticn involving lesd
dioxide zust roguire much less encroy than the corresocnsing
cne wizlr frrric oxide, snd protably !s sinilar to thal
required for ijnition of zirconiua In iir., Thic scims
plausible since lead dioxide is a much .gre reactive cxican?
than ferrlic oxide.

4, As expected, thera was 3 ccnsidarable cdifference in
the rate of ccmbustion of zirconium netal and the Jead dicride
mix. In fact, ccabustion of the former ang he ferric ozlde
aixtures on the gubber-top.-ed electredss was slow enough 0
char the rubber 0 such an extert that they could not be
reused., T!is properly makes some of these materlials less
harardous to heandie thaa would be indicated from a cons.dere
ation of the lonitlion envt?ie! alone, ¢lthough presumadly o
dust explusion of them couid be very dangerous.

16
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Sonsitivity of Graphite-Coated sAmwmentum Deschlorate,

ammoniua :epshiorate Jusioum, and 1.3 Pr- ellant

5%, Tests were carriel out on the following rateriaist

«d (passed 37% mesh, 1l,e, 44 nmicrons)
AP ccated with «raprite (56/4)
AP/aluminum {79/2%

QA propellant,

Samples of the first three were teated in the bulk state,
Samples of the propellant were prapared by aeans of » cork
borer frer & slice of thichness varying fron 0,02 to 0.C4

inch. all samples were confined in collars., In the case

of the steel/steel clectrodes, the collars were fixed to the
steel with achesive, <ith the steel/rubter electrodes, the
collar was placed in position on top of the rubber, no adhesive
belng used,

-  acs. S AP < G ® @ W e

%6, “The plumb-bob type of upper elecircde was useu
througheut, A condenser of 0,2%7-mfd capacity was used at
voltages up Lo 2,000 volts, (Tests with steel/steel elec-
trodes ~fth 3 smaller capacity charged to higher voltaoes
rosulted in the samples ¢f A2 #nd AP minturss being blown
away before the passage of the spark, even thoujh the collar
was in place,) A few trials were carrie. out using a smaller
capacity st higher voltajes with the sterel/rubber olectrodes,
and with the propellant cn steel/steal olecirodes.

87, “wo grcups of tosis were carried cui. The firss
was at rocn humidity (anproximately 30 persen: relative
humidity) and with the simple w8 receivad, he second group
was at scroahat lower humidities (s, 3, 17 percent relative
humidity ¢btained by placing dishes of phoschorcus pentoxide
in the chirbers) and with the sample being uced s soon ae
possitle af-or having been dried overnight v @ desiccator
cver phosnhorous pentoxide,

83, ~0/aluminum {72/2%) was tosted f128t ot about 30
peresnt relativ~ hunldity, Partial fyniticas were cbtalned
shove aprroximaiely 0.72 Joule using steal/strel elscirodes,
soe Jakle 4, At 13 to T0 percent rolative Su=idity end
overnich: drying of the samly, portial fznizicne wege
obteined above spproximately N, 16 loule, “les2 partial
faniticas sers Judjed malinl; by an lrcrerer i the souad
omittad wver that of the spark discharje izself, “eneumntion
of muterial cave no clue since most of it .as blown out of
the ¢ollar tv the discharge snyvay, with steel’tubber oluee
trodes no {jnitlons weze oblalned, o igniilons vere found
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with AP, AD/graphite (96/4), or with the propellant ae
indlcated in Table 9,

%9. It ls possible that a fine disnerajon of the
minturas in air could be lgnited with smaller cnergies,

not necessarily sc, cince larger encrgi«s were needod for
dust clcouds than for the layers of magnesium and zirconium,
rofarencze (i), The potential diffsrence bétween the two
electrodes causes some of the AP/fuel sample to be blown
away up from the base electrode and dispersed in the air

within the collar when the discharge takes place. The
probably covers both conditions, 1. e, an undisturbed
layer and an scrial dispersion, Refersnce (3) g.ves a

ninimum enorgy value of 0.0% joule for the must hazardous
sample of aluminum tested as a dust cloud, Reference (k)

gives 0,047 foule for a dust cloud of alumirunm when o

reststance of 75,000 ohms iy in serfes, the size of the
aluminum being such that 90 percent passed a 200 3,5.5. sieve

{76 microns).

€0, Since the cnergies Involved In the one case where
partial ignitions were obtained, L. o. AY/Aluminum mixtures,
were larger than the abeve finures, and much larger than
those capable of itqniting primory explosives, {t is very
unlikoly that accidentel ignition of A0 mixturss by siatie

diacharge would occur.

10
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DATB were
DATB gave
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The eonsitivities of ROX, tetrvl, PETN, KHND, and.

tected in the bulk state,

Cf{ thase only P:iTMl and

complete or nearly complete ignftions, with cnergles
FDX and tetryl gave, at most, <n

of less than 1 joule,

indication of tgnition by amitting some smohe.

these roquired energies of 1 to 1.29 joules,
up to 1.9 joules,

62,

lgnition vs. :=nerjy for HOX, Tetryl, and KHND

“xplee-

fve

RLK
Teteyl

[4LR0)

(Large)

pi0

{small)

However,
N1 was lnert

The detalled results are as follows, plurb-bob
#+l:ctrodes belng used throughout.

(a)

ilec-
LIude

W I s oW

0, Tetry!, and K%y,

in 7Table 6,
without collars,

The resulte are glven

“he tests were conducted with and
Since there was no magaed

differance in the result, this variation in
the condition has not been included in the

Table,

i:ble 6

1gnittons va, “rials
Pot . (iV) 2 3 4 4.9 9 ) )
(Jculss) 0.2 0.4% 0.3 1.01 1.9% 1.%
- o1 oL 3 1./a -
- - 03 2/5 2/
w2 o2 - - 0 .
- - - o/ 1‘35 -
* e - - - 0/3 -
- - - o/3 -
- - - o/3 /2

s Lenctns smoke enitiled,

(b)

~—- e

270 and UATB. The results ere given in

.able 7,

~xCt in the cace of 2570 with

stanl/stasl eloctirodss thare was no coniines

“ith LilB those was ne moveimnent of the
2xplosive undar Lhe influsnce of the :=loctrie
field and vory little movement as a result of
passags of the electric discharaa,
confinement was unnecessary.

mant,

- - -

20
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gave an easily detuctadble amcunt of smoke or
« 3 necrly ccemplete izonitica.  ofth CATS, feur
dejries of iznltion were found:

(1} A very small amcunt cf caoke, i.e.
s=oxe that was just visibdle tdenoted
as V.S.).

2111 Imcunt of sacke, l.e. smoke

.22 a2s eas!ly dotacizble, leaving

2 2f he explusive untouched (bf

(2)

e

-
D

u e

(3) } ignizica, i.e. abcut half
rial disac s-eted xith an

e "crack” {7).

(4) n alzcse cor;!cte ignition. i.e. rearly
a:l th2 materlal icalted with @ corres-
Finainsly louder *crack® (C).

Taklz 7 shcas that the results obtained nl:
UATS and ZTNW acre quite similar, uwith LA&T3
aprTaciadle ~23¢%lon stariaed cecurring ot
anersi=¢ 11 the order of C.% frule; with 7358
asprasiacle rea::i:n was cecurring la the
enor3y zanz? of €.6 %o 1.2% ‘oules. nlt“cu,h
the =irrinz is not commlece, ot the eners!
congi<2rad LTS has a ccmrarable sens!::vit?
O r il @nd sitilar precaucions should asily.

K2 shculd not present 3ty static hazard.

23. The rasulie zivzna in Taklag € 203 7 chow ihat
ith "usstop and Rich =x:l:s£vas .t asuld *a cref-ratle =3
eusplomiat the sbove tesle ai:h cnes usin: maTe vigorous

.

cerciticng of conrfiqarane ard stk ener:y.
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CCHUCLUSICHS

64, he L-built renslica 3f the £.%.0.3. a~paracus
ariears to detave in an {dentical manner tc the criginal,
ard thus can to used for co, arison purproses. It is felt
that this meithed of testing rrirary explosivas, i{nvolving
the Lse of a condazting mubher base electrade, stueides 3
realistic measurerens of elscirustatic hazard. scillacraphis
xperiments, reference (e), shcaed that the cischarje Sron
a condanser in 3 circuiti containing the rut:zer elecircce wis
very fimilar to that ctainel fruw 3 charged huran teing.

65, Tros the series cf tests renorted h're, :: ¢can be
concluded that

{a) The sensiilvily of U, S. Stendard alphs
hasic lead styzhnate is abcat Lhe sace as
aormal 1233 «iyphnate and as the 2:izish
fcr=s of Lbeta basic lead styphnaze d:signated
A3 1346 and T 1349,

{b) There is no lasge variatlon in sensitivity of
astmal lead styphnate with particle size.

(e} The sersiifvity of COtiP lles between that
of l2a3 2, 4-2iniiro resorcinaze a~d lead
azide (FvA type).

{d} <The sensitivities of U, 5. tetracene and
U. K. tetrace:.es 3re not identlical. Hcaever,
ihis ray be dus to the diffe ence 2a aje of
the teo semples,

(e) Srall sensitivity differences are fiurd depend-
Ang uzin whethar the rubber base 2lezircde
fs a2 puritive cr nagative high poteacial,

{€) o sensitivitles of varioLs resal/cxicant
sixtures Laced on zirconium, bt:irca, ard
cianiuz cail in the range usially ass:ciated
alth prizazy exclesives, and ai:seoziale pree
cautiong shauld Ze taken in hancling She=,

(3) <€ <Ne Tixtures tasad on am~caius seschlerate,
enly cze &F/Alu~inum (789/2S) rixtuse could
oo 1:nited solza 0.9 jJoule, 232 *tese aere
cartial ignitin~a. Thus AP =ixiLzes are
unilsely s Fresent an eler*zescatic hazapd,

23
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¢ {h) Cf the followming dosster and hich explosives = . . .
B0, tauryl, PITN, MMN3, and DATB = only R oL
PSIN and ZATY aave corplete or nearly ccarlete D
fontrions aith encrjies of less than 1 joule, . et e L

RDX and tecryl eniltad 2 1ittle smoke above
1 leule. L) nas irert un to 1.D joules, . .
Thus urd:sr ¢eortain condivicns it mioht b : e ’ °
¢ nicrecary 0 take rracautions with 2:iTN and AR i
DATE, tut theee ar2 unliaely to Fe aceded Sl T
with any ¢€ ths crher 2xplasives, )

AGK SLEXCIVENTS S Ll

‘ €6. The author wishes to thama the mezbers of the h e nf_*%’*” > .
Inttietisn Research oraus 3f <he Ixploeleon Zynemics Divisicon TR

for thair Relp 1n censtizuziing th2 ranlica of the U, KN,
pperatue, and particulasiy Lz, Si=s:l Stackhousy for carry-
ing suz %> trials diccricad in this rapere, YMe sould alse
like to thonxk lir. M. L. «:zstim, Ll repzaeanmigtive in the

U, K., fcr his cooparatica la ferasrding e discs of

* conductind rutber froem Lr. 2. 5. Zcaifs, ,A.0.:i., talthem

P Atbey, :In3land; Mrs, Selira Ullrman {(S Civision) for carrying
out the w-ray poudar phet-ztazh ¢f teizicene; Nr. J.R.C. Luke
{2.R.0.2.) for supplyin; ¢:2ails cf his v-r3y scacings on the
two forms of tetracene, and Zr, J, &, Exlden for discussions
on the {nterzretation of 22 tac sets,

(]
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Jo Ne AYT2s, Janlacive
“he ssela, askerily g
CeiTLILY AY3C. o o

To 80 T toore, J. T, Sumpor, acd % ot M Lvatt,
Tha -liotrretatic Seizk Songitiviasce o telsialare
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